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(57) Abstract: An insert for being mounted in 
a valve housing (80) or a tubular member for 
dsmamic flow control of a flowing medium. 
The insert comprises: - a first cup-shaped 
part (1) provided with an outflow area; - a 
second cui>- shaped part (10) arranged axially 
displaceably within the first cup-shaped part 
(1) and provided with an inflow area; - a 
pressure spring (30) arranged for exerting 
a force (F) that seeks to force the two 
cup- shaped parts (1,10) away fi-om each other. 
The second cup-shaped part (10) is configured 
such in relation to the first cup-shaped part 
(1) that the inflow area of the first cup-shaped 
part (1) is closed in response to a displacement 
of the second cup-shaped part (10) in relation 
to the first cup-shaped part (1). Besides the 
inflow area of the second cup-shaped part (10) 
comprises at least one axial inflow slot (12) 
provided in 15 a sidewall (18) of the second 
cup-shaped part (10), which inflow slot (12) is 
closed in response to the displacement of the 
second cup- shaped part (10) in relation to the 
first cup-shaped part (1 ). 
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INSERT FOR DYNAMIC FLOW CONTROL 

The invention relates to an insert for being mounted in a valve housing or a 
tubular mer^ber for dynamic flow control of a flowing medium, wh.ch insert 

5 comprises: . . . 

a first cup-shaped part provided with an outflow area comprising at 
least one axial outflow slot provided in a sidewall of the first cup- 

fsTc^nd cup-shaped part arranged axially displaceably within the first 
1 0 cup-shaped part, and provided with an inflow area; 

.a pressure spring arranged for exerting a force that seeks to force the 

two cup-shaped parts away from each other; 
said second cup-shaped part being configured such in relation to the first 
cup-shaped part, that the at least one axial outflow slot provided in the 
15 sidewall of the first cup-shaped part is closed in response to a 
displacement of the second cup-shaped part in relation to the first cup- 
shaped part. 

one such insert is known from eg WO 95/12082 that shows a valve with 
20 an insert configured in this manner. In this prior art insert, the inflow area 
is constant, whereas the outflow area varies in response to the pressure 
deferential across the insert; the slots constituting the outflow area ,n the 
first cup-shaped part being gradually covered by the second cup-shaped 
part as the pressure differential increases. Hereby the outflow area ,s 
25 reduced, whereby an essentially constant amount of flowing liquid per 
time unit is obtained in case of varying pressure differentials. 

However, it has been found that in practice a completely constant amount 
per time unit is not achieved, which is primarily due to changes in the 
30 spring force that is characteristic for the pressure drop across the inflow 

area of the insert. 
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It is therefore the object of the present invention to provide an insert for 
being mounted in a valve housing or a tubular member for dynamic flow 
control of a flov^ing medium, by which insert it is to an even higher degree 
possible to obtain a constant throughput per time unit than the pnor art 
inserts. 

This is obtained by the above-described insert being configured such that 
the inflow area of the second cup-shaped part comprises at least one 
axial inflow slot provided in a sidewall of the second cup-shaped part, _ 
which inflow slot is closed in response to the displacement of the second 
cup-shaped part in relation to the first cup-shaped part. 

Hereby it is obtained that the inflow area as well as the outflow area 
varies in response to the pressure differential across the insert, whereby it 
is possible to obtain a completely constant liquid flow per time unit despite 
the changes in the spring force from the pressure spring used. 

According to a preferred embodiment, the area of the at least one axial 
inflow slot is to be selected such as to comply with the following condition: 

AViA/i = - VzAs/s 

Wherein V, represents the overall inflow area. AV, represents a change in 
the overall inflow area, s Is the total compression of the pressure spnng 
and AS is a change of the total compression of the pressure spnng. 
Compliance with this condition results in complete compensation for the 
increase in the spring force when the pressure spring is compressed 
during the deformation (compression) of the insert. 

Preferably the insert is configured such that its defonnation takes place 
within the interval of 0-35% of the compression of the pressure spnng 
from its free end. Within this interval, the responding spring force of the 
pressure spring is linearly proportionate with its compression, and 
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therefore it is possible to obtain a simple configuration of the inflow slots. 
In these conditions, the at least one axial inflow slot can thus be 
configured with a constant width. 

According to a preferred embodiment, the at least one axial inflow slot is 
closed by a sealing ring provided in the open end of the first cup-shaped 
part, which sealing ring forms a dynamic sealing in relation to the second 
cup-shaped part. 

The inflow area of the second cup-shaped part may in various 
embodiments comprise a number of preferably circular inflow openings 
provided in a sidewall thereof, an inflow opening provided in an end 
bottom thereof or in the form of inflow openings, whose sizes can be 
adjusted continuously. These various embodiments of the inflow openings 
yield different advantages as will appear from the following. 

The invention will now be explained in further detail with reference to the 
drawing, wherein 

Figure 1 is a longitudinal sectional view of a first embodiment of an insert 
according to the invention; 

Figure 2 is a longitudinal sectional view of a second embodiment of an 
insert according to the invention; 

Figure 3A is a longitudinal sectional view of a third embodiment of an 
insert according to the invention; 

Figure SB is a cross sectional view along the line A-A of the embodiment 
30 shown in Figure 3A; 

Figure 4A shows the insert shown in Figure 1 arranged in a valve 
housing; 
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Figure 4B shows the same as figure 4A with an activated insert; 

Figure 5 shows a characteristic flow curve with varying pressure 
differential across the insert; and 

Figure 6 is a longitudinal sectional view of the insert shown in Figure 1 
and its associated pressure spring. 

In the following, reference is made to Figure 1 that shows a first 
embodiment of an insert according to the invention. The insert composes 
a first cup-shaped part 1 with a sidewall 3 and an end bottom 4 and a 
second cup-shaped part 10 with a sidewall 18 and an end bottom 19. The 
second cup-shaped part 10 can be displaced axially internally in the first 
cup-shaped part 1, as will be described later. Between the two cup- 
shaped parts 1, 10 there is provided a partially compressed pressure 
spring 30 being, at the one end 31, in abutment on the end bottom 4 of 
the first cup-shaped part 1 . while the other end is in abutment on the end 
bottom 42 of a spring guide 40. The spring guide 40 comprises a first nng 
41 that fits to a certain extent, within the first cup-shaped part 1 and a 
second ring that constitutes the end bottom 42 of the spring guide 40. 
Between the two rings 41. 42. the spring guide 40 is perforated with large 
openings that allow passage of the medium without significant pressure 
drops. 

The spring guide 40 adjoins the second cup-shaped part 10 at the 
underside of the ring 41 and is secured there against by means of the 
spring force transmitted via the pressure spring 30. Between the first cup- 
shaped part 1 and the second cup-shaped part 10. there is provided a 
sealing ring 50 that forms a dynamic sealing in relation to the second cup- 
shaped part 10. when the latter is displaced axially in relation to the first 
cup-shaped part 1 . To fasten all the parts to form one assembled insert, a 
beading 60 is provided that encloses an outwardly projecting flange on 
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the first cup-shaped part 1 and extends underneath the sealing ring 50 
and an outwardly projecting flange arranged above same on the second 
cup-shaped part 10. 

The first cup-shaped portion 1 is. in a manner known per se in the 
sidewall 3 provided with a number of axially extending outflow slots 2 that 
are in the embodiment shown, evenly distributed along the entire 
periphery. In a manner also known per se the second cup-shaped part 1 0 
is provided with inflow openings 11 that are. in this embod.ment 
configured as circular openings located in the sidewall 18. The second 
cup-shaped part 10 is also provided with a number of axially extending 
inflow slots 12 with constant width, the effect of which will be descnbed 
below with reference to Figures 4A and 4B. 

Figure 2 shows a longitudinal sectional view of a second embodiment of 
an insert in accordance with the invention. This insert corresponds 
essentially to the insert shown in Figure 1 and the same reference 
numerals are used for the same parts. 

The difference between the inserts shown in Figures 1 and 2 resides in 
the location of the inflow openings 11. In the insert shown in Figure 1 a 
number of inflow openings 1 1 are located in the sidewall 1 8 of the second 
cup-shaped portion 10. whereas the insert shown in Figure 2 .s provided 
with just one inflow opening 11 that is located in the end bottom 19 of the 
second cup-shaped part 10. Flowwise. it is of no consequence whether 
the inflow openings 11 are located in the sidewall 18 or in the end bottom 
19. but it is possible to obtain different advantages by selection of one 
location rather than the other. 

By locating a number of inflow openings 1 1 in the sidewall 18 (Figure 1) It 
is possible to adjust the size of the overall inflow area, either by varying 
the size of the inflow openings .11 during . manufacture thereof, or by 
means of nozzle inserts (not shown), that can be mounted in the circular 
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inflow openings 11. In this manner the maximal throughput through the 
insert can be adjusted in a very simple manner. By using eg six inflow 
openings 1 1 and just three different sizes of holes (optionally by means of 
nozzle inserts), it is thus possible to preset the overall flow area to 13 
different sizes. 

By locating the inflow opening 1 1 at the end bottom 1 9 of the second cup. 
shaped part 10 (Figure 2) a shorter axial expanse of the second cup- 
shaped part 10 is obtained, which may be of consequence when 
incorporating.in a valve or tubular member. Furthermore, this embodiment 
is simpler to manufacture than the embodiment with inflow openings 11 
located in the sidewall 18 of the second cup-shaped part 10. 

Figure 3A shows an embodiment of an insert that can continuously be 
adjusted to a desired inflow area and thus to a desired maximum 
throughput per time unit through the insert. Again in this embodiment, the 
same reference numerals are used as in Figures 1 and 2 for 
corresponding parts. 

The second-cup shaped part 10 is. in the embodiment shown in Figure 
3A not provided with an integral end bottom 19, as is the case with the 
embodiments shown in Figures 1 and 2. Rather, the second cup-shaped 
Dart 10 is provided with a skirt 13 that is configured such that .t is able to 
close one or more of the inflow openings 11 by an analogous 
displacement thereof. Preferably the skirt 13 is configured such that the 
medium is able to flow there through without significant pressure drop, 
whereby its influence on the flow is minimal. Besides, means are provided 
for preventing rotation of the skirt 13. which means are. for the 
embodiment shown, shown in further detail in Figure 38 that is a sectional 
view along the line A-A in Figure 3A. These means comprise an axially 
extending groove 17 in the second cup-shaped part 10 and a protrusion 
13A engaging with the groove 17 and provided on the one leg on the skirt 
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Via a guide thread 14 the skirt 13 is connected to a spindle 15. in such a 
manner that a rotation of the spindle 15 produces a linear, axial 
displacement of the skirt 13 for more or less closing the inflow areas 11. 
The size of the inflow area is thus preset by rotation of the spindle 15 by 
means of a suitable key. and the setting may subsequently be locked by 
means of a lock nut 16 that will, when tightened, prevent undesired self- 
activation of the spindle 15. 

Figures 4A and 4B show a plane view of the embodiment of an Insert 
according to the invention shown in Figure 1 and arranged in a valve 
housing 80 As shown the outwardly projecting flange on the first cup- 
shaped part 1 abuts on an inwardly projecting flange 83 provided in the 
valve housing, there being, however, anranged an O-ring 81 between the 
insert and the valve housing 80 to provide static sealing between these 
parts Hereby it is ensured that the medium passes through the insert and 
is controlled by same. A spring ring is mounted in a groove in the valve 
housing 80 for securing the insert therein. 

If the valve housing 80 is arranged in a tubular system, the insert will 
initially occupy the position shown in Figure 4A. wherein the pressure 
differential across the valve Is so small that the insert is not activated for 
controlling the throughput. This situation is shown more detailed in Figure 
5 that shows a characteristic flow curve in case of varying pressure 
differential across the insert. As long as the pressure drfferential is below 
the control threshold indicated in Figure 5 with dash-dotted line, the spring 
force of the pressure spring 30 will be large enough to prevent 
displacement of the second cup-shaped portion 10 into the first cup- 
shaped part 1 . 

(n case the pressure differential above the insert increases to a value that 
is above the threshold indicated, the spring force of the pressure spring 
30 will no longer be able to resist the input pressure, and the second cup- 
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shaped portion 10 will gradually be displaced into the first cup-shaped 
part 1 as shown in Figure 4B. As will appear from Figure 4B, the mflow 
openings 11 are not closed, whereas the inflow slots 2 are gradually 
closed as a consequence of the increased pressure differential. This 
function, which is known per se. yields an approximately constant 
throughput per time unit through the insert. However, the pressure spnng 
30 contributes with a spring force that is increased with increased 
pressure differential and thus Increased displacement of the second cup- 
shaped part 10 into the first cup-shaped part 1, and in order to take .nto 
account this variation in the spring force, the second cup-shaped part 10 
is according to the Invention, provided with axially extending inflow slots 
12 with constant width that are closed in response to the displacement of 
the second cup-shaped part 1 0 into the first cup-shaped part 1 . Closing of 
the inflow slots 12 is accomplished by the sealing ring 50 that forms, as 
mentioned above, a dynamic sealing relative to the second cup-shaped 
part 10. when the latter is displaced axially in relation to the first cup- 
shaped part 1 . 

in the following, the theory behind the present invention will be discussed 
reference being made to Figure 6, which is a longitudinal sectional view of 
the insert shown In Figure 1 mounted in a valve housing and the 
associated pressure spring 30 in unbiased state. 

The first cup-shaped part 1 and the second cup-shaped part 10 can be 
viewed as a cylinder and a piston, respectively, and such piston will 
assume a position in relation to the cylinder, where the pressure 
differential (P,-P.) and its impact on the piston area A will be balanced by 
the spring force F that is the result of a responding compression of the 
pressure spring 30. The pressure differential (P,-P2) is given by the 
pressure P, outside the insert and the pressure P. interioriy of the insert 
and depends on the size of the overall inflow area. The spring force F of 
the pressure spring 30 is, in case of a cylindrical pressure spnng, 
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proportionate with the total compression of the pressure spring 30, and, in 
the following, the spring constant will be designated Cs. 

The total pressure drop above the insert can be designated (P1-P3) and it 
5 is split into the pressure differential (P1-P2) and the remaining pressure 
drop (P2-P3). The remaining pressure drop (P2-P3) influences only the 
relative deformation (compression) of the insert and thus is not a part of 
the following deductions. 

10 By a given equilibrium of forces for the piston the following applies: 
(1)(Pi-P2)A=F 



15 



20 



and since the pressure force F is, as indicated above, proportionate with 
the total compression s of the pressure spring 30. as expressed by: 

(2) F = Cs-s 

combination of equation (1 ) and (2) yields: 

(3) (Pi-P2)-A = CsS 

from which the following differential equation can be deduced: 



25 (4) d(Pi-P2) = (Cs/A)-d(s) 

The throughput or the flow Q through the overall inflow area is given by 
the product of the inflow area V-,, a constant throughput or flow coefficient 
fc and the square of the pressure differential across the inflow area; ie: 

30 

(5) Q = Vi-fcW(Pi-P2) 

The differential equation of this can be deduced to be: 
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(6) d(Q) = d(V,).fc-/(Pi-P2) + V,V^(d(Pi-P2)/>/(Pi-P2)) 

The result of the control Unction of the insert having to be that the 
The resuii ui ^ ^1^^^^^ means 

throughput is kept constant, it has to apply that a^u; 

that: 

(7) y..V,.fc(d(P1-P2)/V(P1-P2)) = -fc.>/(Pi-P2)-d(V,) 
U 

(8) y,.V,fc d(P1-P2) = -(P1-P2)-d(V,) 

From equations (8). (1 ). (2) and (4) can be deduced: 

(9) ya V, (Cs/A)-d(s) = -(Cs/A) s.d(VO 
U 

(10r/4Vid{s) = -s-d(VO 

Eauation (10) expresses that by relatively small changes in the 

fratiol j the insert in relation to the total oon^pressio^^^ 
spring (30) from its free length, the relative change m the nflow area wiH 
Tp^porlionate with the deformation of the insert. Th.s can also be 
expressed as follows: 

(11) AViA/i = -'!^-As/s 

„ wil, thus appear tha. at ,eas. in case of a -'ative defo^aUon sma.,er 
than 35% of the compression of the pressure spnng 30 from ts free 
enl all change of me inflow area in accordance with equa„on (1 

wnit^uK in a constant «.roughput through the insert. It is precsely «.,s 
w,U result a 

Circumstance that is ut„. P ^^^^^ .^^^ ^^^^^ ^^^^ 

:rthtr:o::a':n':espcnse to the .spiacement of the second cup- 
Shaped part 1 0 into the first cup-shaped part 1 . 
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The invention was described with reference to preferred embodiments. 
However, nothing prevents other configurations of the insert than 
described above and shown in the figures. For instance there may be 

5 provided more or fewer inflow openings 11 and/or inflow slots 12, and 
lii<ewise the number of outflow openings 2 may of course also be varied 
as needed. The size and location of the inflow openings 11, the inflow 
slots 12 and the outflow slots 2 may of course also be varied as needed. 
Finally one single inflow slot 12 with constant width can be achieved by 

1 0 combining a number of inflow slots with varying widths, provided the sum 
of these widths in any cross section is constant. 
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1 An insert for being mounted in a valve housing (80) or a tubular 
member for dynamic flow control of a flovy/ing medium, which insert 

comprises: . . 

a first cup-shaped part (1) provided with an outflow area comprising at 
least one axial outflow slot. (2) provided in a sidewall (3) of the first 
cup-shaped part; 

a second cup-shaped part (1 0) arranged axlally displaceably w.thin the 
first cup-shaped part (1) and provided with an inflow area; 
. a pressure spring (30) arranged for exerting a force (F) that seeks to 
force the two cup-shaped parts (1,10) away from each other; 
said second cup-shaped part (10) being configured such in relation to the first 
cup-shaped part (1) that the at least axial outflow slot (2) provided in the 
sidewall (3) of the first cup-shaped part (1) is closed in response to a 
displacement of the second cup-shaped part (10) in relation to the first cup- 

shaped part (1), „^ /^n^ 

characterised in that the inflow area of the second cup-shaped part (10) 
comprises at least one axial inflow slot (12) provided in a sidewall (18) of the 
second cup-shaped part (10). which^inflow slot (12) is closed in response to 
the displacement of the second cup-shaped part (10) in relation to the first 
cup-shaped part (1). 

2 An insert according to claim 1, characterised In that the area of the at 
least one axial inflow slot (12) is selected so as to comply with the following 
condition: 

AViA/| = -VzAs/s 

wherein V, represents the overall inflow area, aV^ represents a change in the 
overall inflow area, s is the total compression of the pressure spring and As is 
a change of the total compression of the pressure spring. 
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3 An insert according to daim 2, cha^ctarised in that the deformation o, 
the insert takes place within the interval 0-35% of the compression of the 
pressure spring (30) from its free end. 

5 4. An insert according to claim 3, characterised in that the at least one axial 
Inflow slot (12) has a constant width. 

5 An insert according to any one of daims 1-4, characterised in that the at 
Lt"one axial in«ow slot (12) is dosed by a sealing ring (50) provided at an 

10 open end of the first cup-sh^ed part (1), which sealing ring (50) forms a 
dynamic sealing in relation to the second cup-shaped part (10). 

6 An insert according to any one of daims 1-5, characterised in that the 
inflow area of the second cup-shaped part (10) comprises a number of inflow 

15 openings (11) provided in a sidewall (18) thereof. 

7. An insert according to daim 6, characterised in that the inflow openings 
(1 1 ) are configured as circular openings. 

8 An insert according to any one of daims 1-5. characterised in that the 
MOW area of the second cup-shaped part (10) comprises an inflow opening 
(11) provided in an end bottom (19) thereof. 

. 9 An insert according to any one of daims 1-5, characterised in that the 
25 inflow area of the second cup-shaped part (10) comprises inflow openings 
(11), Whose size can be set continuously. 
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Flow 



Prior to initial activation 
Insert outside its region of control 




Pressure differential 



After initial activation 
Insert within its region of control 



Fig 5 
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